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Specification 

1 . Title of the Invention 

Compressor for Vehicle Air Conditioner 

2. Patent Claim 

A compressor for a vehicle air conditioner having: one or a plurality of working chambers 
for compressing a coolant, wherein: an on-off valve is deployed In an Intake-side passageway 
for supplying coolant to working chambers); and provision is made so that the coolant discharge 
volume is controlled by controlling the ratio of open and closed time for said on-off valve in one 
operating cycle time of the compressor. 

3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to a compressor for a vehicle air conditioner wherewith it is 
possible to control the coolant discharge volume while the compression action continues. 

(PriorArt) 

The vane rotary compressor (hereinafter abbreviated to simply compressor) diagrammed 
in Fig. 3 and Fig. 4, for example, is known as a compressor for vehicle air conditioners. In these 
figures, 1 designates a compression mechanism unit contained in a housing (not shown in the 
drawings). This compression mechanism unit 1 has a cam ring 2 and a rotor 3. The cam ring 
2, as diagrammed in Fig. 3, comprises a cylinder having a substantially elliptical cross section, 
the inner circumferential surface whereof is configured by a small diameter portion 2A and a 
large diameter portion 2B. The two end openings of the cam ring 2 are seated by a front plate 4 
and a rear plate 5. The rotor 3 is supported inside the cam ring 2, and particularly inside the 
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small diameter portion 2A, so that it turns freely, by these plates 4 and 5, through bearings 6A 
and 6B. In the rotor 3, as detailed in Fig. 3, four slits 8 are formed in the axial dimension thereof, 
which slits 8 are deployed at equal intervals (of 90°) in the circumferential direction of the rotor 3. 
These slits 8 extend in substantially the radial direction (radiant direction), in a cross section that 
is oriented perpendicular to the axis, inside these slits 8, rectangular plate-shaped vanes 9A to 
9D are accommodated such that they slide freely. When the rotor 3 is turning, due to centrifugal 
forces and vane back pressure, the tips of these vanes 9A to 9D slide and make contact with the 
inner circumferential surface of the cam ring 2. Working chambers 1 0A and 10B are 
respectively demarcated by the cam ring 2, the rotor 3, and the two plates 4 and 5. The working 
chambers 1 0A and 10B are expanded and contracted by the vanes 9A to 9D and function as 
intake chambers or compression chambers. A pair of intake ports 11 A and 11 B and discharge 
ports 12A and 12B, which communicate respectively with coolant intake openings (not shown) 
and coolant discharge openings (not shown), are opened in the inner circumferential surface of 
the cam ring 2, separated by substantially 180 degrees in the circumferential direction. Coolant 
at low temperature and low pressure inducted by the intake ports 11 A and 11 B into the working 
chambers 10A and 10B is compressed inside the working chambers 10A and 10B by the turning 
of the rotor 3, so as to attain high temperature and high pressure, and then is discharged through 
the discharge openings from the discharge ports 12A and 12B which are provided with discharge 
valves 7A and 7B that open at a prescribed pressure. The rotor 3 is driven and stopped by the 
drive force transmitted from an engine via a drive belt (not shown) being transmitted or 
interrupted by the ON-OFF action of an electromagnetic clutch 1 3 (cf. Fig. 5). Thereupon, 
coolant at high temperature and high pressure discharged from the discharge openings of the 
compressor C is sent to a condenser 15 through a pipeline 14 in a refrigerating cycle like that 
diagrammed in Fig. 5 wherein the compressor C is incorporated. The condenser 15 cools the 
coolant sent thereto down to the condensation temperature, and reduces it to a liquid state at 
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medium temperature and medium pressure. This cooling is done by a cooling fan attached to 
the front of a radiator and by air cooling resulting from vehicle speed. The coolant reduced to 
the liquid state is sent to a liquid tank 16 and retained therein. Next, this liquid coolant is sent 
from the liquid tank 16 to an expansion valve 17, rapidly expanded, and, after becoming a spray 
at low temperature and low pressure, is sent to an evaporator 1 8. At this evaporator 1 8, while 
the heat of evaporation thereof is being absorbed from the surroundings by cooling fins, [the 
coolant] is evaporated to become a gas. The air that is cooled at this time is sent to the vehicle 
interior as cooled air by a fen, whereupon the vehicle interior is cooled. Then the evaporated 
coolant is again sent to the compressor C and compressed. 

(Problems the Invention Would Resolve) 

In general, however, the capacity of compressors for vehicle air conditioners is made 
large because of the necessity of securing cooling capability in the evaporator 18 even while the 
engine Is turning at low speed (so-called idling time) while the vehicle is stopped. For that 
reason, the compression capacity becomes excessive when the vehicle is moving at high speed, 
and the temperature in the interior of the vehicle must be regulated by frequently and repeatedly 
switching the electromagnetic clutch 13 between ON and OFF to either operate the compressor 
C at full capacity (1 00% capacity) or stop it. When the electromagnetic clutch 1 3 Is frequently 
switched ON and OFF in this manner during high-speed driving, the compression mechanism 
unit of the compressor is suddenly connected to high-speed operation from a stopped condition, 
for which reason large shocks are produced, the operating noise when turning ON and OFF is 
annoying, and the driving feeling of the driver is noticeably impaired. Furthermore, because the 
electromagnetic clutch 13 is frequently turned ON and OFF, wear in the surfaces subject to 
friction Is severe, and the period of durability thereof is noticeably shortened, which is 
uneconomical. 
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Thereupon, with the intent of resolving such problems as these, a method has been 
proposed wherein constrictions are provided in orifices and the like in the intake openings and 
intake ports 1 1 A and 1 1 B of the compressor to reduce coolant intake volume. However, when 
constrictions are provided in the intakes to the working chambers 10A and 10B and the coolant 
intake volume is decreased, the discharge volume (by weight) decreases, but, in order to cause 
the coolant which has passed through the constrictions during intake, the pressure whereof has 
been further lowered to a lower pressure than the normal intake pressure, to be discharged from 
the discharge ports 12Aand 12B, it must be compressed to the set pressure at which the 
discharge valves 7A and 7B open, causingthe compression ratio to become extremely large. 
As a consequence, the temperature inside the working chambers 10A and 10B becomes 
abnormally high, the problem of compressor failure arises, and the problems noted earlier cannot 
be resolved. 

(Means for Resolving Problems, and Operation Thereof) 

The present invention, which was devised with a view to such problems in the prior art, 
resolves the problems described above by deploying an on-off valve in the passageway on the 
intake side which supplies coolant to the working chambers of the compressor, whereupon, by 
controlling the on-off time ratio for the on-off valve in one operating cycle time of the compressor, 
the coolant discharge volume can be controlled, with the electromagnetic clutch left ON, that is, 
with the compressor still operating. 

(Embodiments) 

The present invention is now described In terms of embodiments. Fig. 1 is a diagram of 
a cooling cycle wherein one embodiment of the compressor to which this invention pertains is 
incorporated. In this figure, 14 is a pipeline, 15 is a condenser, 16 is a liquid tank, 17 is an 
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expansion valve, 18 is an evaporator and 20 is a compressor relating to the present invention, 
the configuration and operation of the compression mechanism unit whereof is the same as in 
the compressor C described earlier. To the intake openings communicating with the working 
chambers 1 0A and 10B of this compressor 20, dual-port two-position electromagnetic 
changeover valves (hereinafter referred to simply as changeover valves) 22A and 22B are 
attached. Alternatively, the changeover valves 22A and 22B may be deployed midway along 
the pipeline 14 connecting the intake openings of the compressor 20 and the output openings of 
the evaporator 1 8. These changeover valves 22A and 22B are configured such that they may 
be simultaneously or selectively switched by electric signals sent from a controller built into a 
computer (not shown) and such that they are, respectively, fully open or fully closed. 
The operation shall now be described. 

Coolant inducted from the pipeline 14 via the intake openings and the intake ports 11 A 
and 1 1 B into the working chambers 1 0A and 1 0B is compressed by the turning of the rotor 3, and, 
after passing through the discharge ports 12Aand 12B, the discharge valves 7Aand 7B and the 
discharge openings, Is sent to the condenser 15 via the pipeline 14. Here, when the controller 
detects by a sensor that the control conditions such as vehicle interior temperature and engine 
speed have reached set values stored beforehand in memory means In the controller, control 
signals are sent from the controller to the changeover valves 22A and 22B. These control 
signals are signals for controlling the ratio of times the changeover valves 22Aand 22B are open 
and closed during one operating cycle time (unit time) of the compressor 20, that is to say they 
are duty ratio control signals. By these control signals, the coolant supply volumes to the 
working chambers 10Aand 10B are controlled to 50%, 75%, or 25% of the [volume supplied] 
when the changeover valves 22A and 22B are fully open, by the opening and closing being 
controlled so that they are open for a time of onlyJ/2, 3/4. or 1/4 of one ooeratina cycle time of 
the compressor 20 and closed the remainder of the time, whereby the discharge volume can be 
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controlled. Accordingly, by fully closing one of the changeover valves 22A and 22B and 
changing the duty ratio of the other, the overall discharge volume of the compressor 20 can be 
controlled from 0 to 50%. By fully opening one of the changeover valves 22A and 22B and 
changing the duty ratio of the other, moreover, it is possible to control the overall discharge 
volume of the compressor 20 from 50 to 100%. Furthermore, because the changeover valves 
22A and 22B are either fully open or fully dosed, the coolant compression ratio when fully open 
is the same as in a conventional compressor C wherein the constrictions described earlier are 
not provided, and temperature rise in the working chambers will be the same as conventionally. 
Also, because the compression ratio is 0 when completely closed, temperature rise in the 
working chambers at that time will be low Accordingly, total temperature rise in the working 
chambers will be lower than conventionally even if the coolant intake volume (discharge volume) 
decreases. Furthermore, because the electromagnetic clutch 13 can remain ON, that is to say, 
connected, irrespective of how the opening and closing of the changeover valves 22A and 22B 
are controlled, there will be no shock or noise to disrupt the driver's driving feeling as when [the 
electromagnetic clutch] turns ON or OFF, and the wear in the surfaces subject to friction in the 
electromagnetic clutch 13 will be noticeably less than conventionally. 

In the embodiment described above, a vane type rotary compressor having a pair of 
working chambers Is described. Needless to say, however, this invention can be applied also to 
vane rotary compressors having only one working chamber and to reciprocating compressors or 
the like. 

(Advantages of the Invention) 

Based on the present Invention as described in the foregoing, an on-off valve is deployed 
in the passageway on the intake side which supplies coolant to the working chambers of a 
compressor, whereupon, by controlling the on-off time ratio for the on-off valve in one operating 



7 



cycle time of the compressor, coolant Intake volume can be controlled, and, thereby, the coolant 
discharge volume can be controlled. As a consequence, coolant discharge volumes can be 
obtained which correspond to the cooling capacity demanded, irrespective of engine speed, 
thereby making it possible to diminish temperature changes in the cool air blown out from the 
evaporator, pleasant air conditioning effectiveness can be obtained, and great energy saving 
effects will be realized. Also, there is no need to repeatedly turn the electromagnetic dutch 
(which transmits drive force from the engine to the compressor) ON and OFF in response to the 
temperature inside the vehicle as with a conventional compressor, and It can be left ON 
continually while the vehicle is being operated, wherefore no shock or operating noise occurs 
when ON or OFF (especially when the vehicle is being driven at high speed), and the wear in the 
surfaces subject to friction in the electromagnetic clutch will be noticeably less than 
conventionally, so the period of durability thereof will be lengthened. Furthermore, temperature 
rise in the working chambers can be held down to substantially the same level as or to a lower 
level than conventionally. These are some of the various advantages acquired. 

4. Brief Description of the Drawings 

Fig. 1 is a diagram of a refrigeration cycle pipeline for a vehicle air conditioner wherein 
one embodiment of the compressor relating to this invention is incorporated; Fig. 2(a), 2(b), and 
2(c), respectively, are diagrams for explaining the relationship between the time an on-off valve is 
open or closed during one operating cycle time of a compressor; Fig. 3 and Fig. 4 diagram a 
compression mechanism unit in a vane type rotary compressor for a vehicle air conditioner, with 
Fig, 3 being a front elevation section therefor and Fig. 4 being a side elevation section therefor, 
and Fig. 5 is a diagram of a refrigeration cycle pipeline for a vehicle air conditioner wherein a 
conventional compressor is incorporated. 
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10A, 10B working chambers, 

14 pipeline (intake side passageway), 

20 compressor, 

22A, 22B dual-port two-position electromagnetic changeover valve (on-off valve). 

Agent: Kiichiro Ariga, Patent Attorney (and one other) 

[Keys to text in drawings:] 
Fig. 1 

10A, 10B: working chambers 

14: pipeline 

20: compressor 

22A, 22B: changeover valves 



Fig. 2 

(a) time 
compressor 
1 cycle 
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